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Abstract
The humidity sensing layer of the molecular (BEDT-TTF)-based metal was chemically deposited on the surface of a 
polycarbonate (PC) film [BEDT-TTF=bis(ethylenedithio)tetrathia-fulvalene]. The relative humidity (RH) tests 
carried out at 25 and 40 oC showed that the electrical response of the developed film to RH changes is a well-definite 
and reproducible signal: the resistance of the film increases by 15% when relative humidity changes from 20 to 90%. 
The electric transport, electro-mechanical and mechanical properties of the sensing film demonstrate that it has many 
advantages, some of which ideally comply with the Health Information Technology requirements applicable for 
sensors, to state a few of them: lightweight, flexibility, electrical detection principle, long-term stability and simple 
one-stage synthetic procedure carried out at ambient conditions.
© 2012 Published by Elsevier Ltd.
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1. Introduction
With the emergence of novel environmental, biomedical and medical monitoring technologies 
working up sensing technology on plastic substrates is on-going. This technology will build up sensors 
being introduced to new settings, by significantly reducing their production cost and by adding new 
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functionalities [1]. The integration of flexible conductive sensing materials in human wearable interfaces, 
such as fabrics, could offer personalized healthcare, security and comfort [1]. One of the novel 
approaches to engineering flexible sensors is the metallization of polymeric films with BEDT-
TTF-based organic molecular conductors [2]. These bi layer (BL) films exhibit a good long-term 
stability and can be prepared at room temperature by a simple method [2].  We have already demonstrated 
that some of BL films are biocompatible; they can be integrated in contact lenses and textiles as well [2, 
3]. Recently, Yamochi with colleagues reported a BL film whose electrical resistance (R) demonstrated 
high sensitivity to humidity in the range of 0-15 % RH [4]. This result has simulated us to search for other 
BL films being able to control RH in over a wide humidity range.  
Here we demonstrate that the covering PC films with the submicro-structured polycrystalline layer of 
the molecular metal (BEDT-TTF)Br0.9(H2O)n  permits engineering BL films capable of controlling RH 
changes in the range 20-90 % RH.
2. Preparation of Humidity Sensing Films 
The humidity sensing BL film samples were fabricated by a single-stage self-metallization of 
polycarbonate films with the molecular conductor (BEDT-TTF)Br0.9H2On (Fig. 1). This process occurred 
at moderate (30oC) temperature. The “self-metallization” takes its name from the fact that it involves two 
consecutive processes: (1) an internal oxidation of BEDT-TTF molecules introduced in a polycarbonate 
film and (2) self-assembly of the (BEDT-TTF)Br0.9(H2O)n molecular metal as a metallic topmost layer.
The composition and texture of the (BEDT-TTF)Br0.9(H2O)n-based covering layers were studied using 
powder X-ray, EDX and SEM analytical methods.   The conducting sensing crystallites of BL film-based 
samples varied in size from 500 nm to 1 µm (Fig. 2, left).This metallic covering layer has optical 
transparency in its conducting state in a wide window of the visible spectrum: an average transmittance is 
of 70-80% in the visible range 550-850nm.
Fig. 1. Scheme of the preparation of the humidity sensing BL film
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Fig. 2. The typical SEM image of the humidity sensing layer of the molecular metal (BEDT-TTF)Br0.9(H2O)n formed at the surface 
of a polycarbonate film (left) and its resistance temperature dependence (right)
3. Electrotransport and electromechanical properties
The BL films were examined by a four probe direct current (dc) resistance measurements. The values 
of their room-temperature resistance varied from 200 to 300 . The temperature dependence of resistance 
was studied in the temperature range from 360 to 80 K (Fig. 2, right). The figure shows that the covering
layer based on (BEDT-TTF)Br0.9(H2O)n is metallic at T> 240 K. The temperature coefficient of resistance 
(TCR), calculated as a relative resistance change per grade (TRC= 'R/R0'T), was found to be 0.2%/deg.
Here 'R=R-R0, were R0 is the sample resistance at room temperature, R is the sample resistance at high 
temperature T and 'T=T-T(25 oC).
Gages based on BL films with an area of ca. 4.0 x 2.5 mm2 were subjected to multi-cyclic elongation 
in a wide deformation range: maximal elongation corresponds to relative strain value (H) of 1.5 %.
Uniaxial elongation was conducted on an electromechanical positioning system Parker Actuator 401XR 
with a Compax3S Servo Drive System that was equipped with two homemade claps to monitor the 
resistance response of BL film-based gages to strain.The resistance of BL film-based gages was measured 
with a Keithley 2400 SourceMeter in a four wire configuration connected via GPIB bus to the same 
computer. Uniaxial cyclic elongation tests were performed at room temperature with elongation speed of 
0.4 µm/s. Figure 3 (left) shows that in the relative strain range (H) 0<H<0.5 % the electrical resistance of 
the BL film  linearly responds to monoaxial elongation. The gage factor (S), calculated as the ratio 
between the relative resistance change and the relative strain value, S=('R/R0)/H, was found to be as high 
as 7. Therefore, this BL films can be used in differ technologies that control any very delicate bending as 
well as large-scale deformation.
4. Humidity test
The humidity experiments were prepared in the constant climate chamber with Peltier technology HPP 
108. The relative humidity (RH) was measured a capacitive humidity sensor with accuracy 0,5%RH, and 
the temperature was measured by Pt100 sensor in 4-wire circuit with accuracy 0.1oC%.The samples were 
cut from film piece with size 8x8mm. After that the samples were glued by silicon on the copper substrate 
in order to eliminate a temperature influence on resistance measurements. The 4 graphite contact were 
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draw and connected with  20um thick platinum wires through that the samples were connected to 
measurement equipment (scanner Agilent .34410A).Tests for sensing the humidity with such thin films 
were carried out at different temperatures; measurements were run in two replicates for each BL film. The 
electrical response of the BL films to RH changes is very reproducible and strongly depends on the value 
of RH. It was found that the film resistance increases by 6%, when RH changes from 20 to 65%. 
Therefore, the new BL film is three times more sensitive to RH in comparison with previously reported 
one whose resistance increases by 2% (Fig. 3, right, curve 1) It was also demonstrates that there is no 
saturation on the film responses with the time at given RH values. This very compelling property is of 
special interest to humidity sensors. Figure 3, right also demonstrates that the RH sensitivity of BL films 
strongly depends on the nature of molecular conductors used for PC film metallization. The above
discussed resistance-humidity relationship suggests that water adsorbed by the conductive sensing layer 
of (BEDT-TTF)Br0.9(H2O)n does not change the type of the crystal structure of the crystals responsible for
conductive properties of the film. In closing it cannot be to highly stressed that the advanced combination 
of the physical properties of the developed films may give a momentum to engineering novel flexible 
humidity and strain sensors for innovative hi-tech biomedical applications.
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Fig. 3. Left: resistance response of the BL film based sensor to uniaxial elongation; data collected for 4th up sweep of the 7 cyclic 
elongation; right: resistance vs relative humidity for polycarbonate films covered with different organic molecular metals: (1) 
(BEDT-TTF)Br0.9(H2O)nĮ-(BEDT-TTF)2I3 ȕ-(BEDT-TTF)2I3; (4) (BEDO-TTF)2Br(H2O)3 from Ref. 4.
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